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(54) Image scanning apparatus 

(57) A two-dimensional radiometric 
^compensation system for scanning 
devices of the type employing one or 
more lamps 36, 38 for sweeping a 
line-like beam of light 42 across the 
document original 8 to be scanned. 
Brightness profiles (Figs. 3, 5, not 
shown) for various x and y points along 
the scan path, produced during a 
calibration scan of the blank platen 30, 
and which are designed to compensate 
for deficiencies in the illumination 
components, are stored in memory 
(Figs, 4, 6, not shown). Where the 
scanning device 10 comprises a raster 
input scanner with linear array 15 for 
reading the document original 8, the 
brightness profiles are addressed in 
synchronization with the output of 
image signals by the array, and the 
brightness compensating values 
obtained are used to modify the image 
signals output by the array. 
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SPECIFICATION 

Image scanning apparatus 

5 The invention relates to a direct optics image 
scanning apparatus, and more particularly to a two - 
dimensional radiometric compensation system for 
scanning apparatus. 
Scanning apparatus of the type which raster scans 

10 a document original normally employs some 

arrangement for illuminating the document original. 
While illumination systems may vary in design and 
detail, all must face the problem of non-uniform 
illumination due to constraints inherent in the com- 

15 ponent parts that comprise the illumination system. 
For example, if more than one illuminating lamp is 
used, invariably the illumination output of the lamps 
differ. To assure uniformity in illumination, the 
lamps must be matched, a time - consuming and 

20 relatively expensive procedure. And even in the case 
of one lamp, illumination intensity along the length 
of the lamp may be non-uniform, and such non-uni- 
formity may be compounded by theoptical elements 
used to reflect and focus the image onto the 

25 scanning array. 

The invention relates to a scanning apparatus 
comprising in combination: at least "one ar;ay for 
scanning a document original line - by - line along e 
first axis, a platen for supporting the document 

30 original for scanning by he array; at least two 

independent scanning beams, each beam illuminat- 
ing a line - like portion of the platen and the 
document original thereon; means for sweeping the 
beams across at least a portion of the platen along a 

35 second axis substantially perpendicular to the first 
axis, the beams cooperating to illuminate the platen 
and the document original thereon progressively; 
and means for correcting for deviations in the 
illumination intensities of the beams along both the 

40 first and second axes because of apoaratus deficien- 
cies and overlapping of the beams including means 
for storing signals for compensating for illumination 
deviations along both the first and second axes, 
means for addressing the storage means in syn- 

45 chronism with scanning by the array and sweeping 
of the beams to provide a corrective signal, and 
* means to modify image signals output by the array 
in accordance with the correction signal. 
Figure 1 is a side view in cross section showing a 

50 raster scanning apparatus incorporating the 
radiometric compensation system of the present 
" invention. 

The present invention will now be described by 
way of example with reference to the accompanying 
55 ; drawings, in which: 

Figure 2 is a top view of the scanning apparatus 
shown in Figure 1; 

Figure 3 is a graph showing typical illumination 
profiles.along the X and Y scan axis for the scanning 
60 apparatus shown in Figure 1 ; 

' Figure 4 is a circuit schematic showing the 
■radiometric compensation system o.f the present 
invention; 

Figure 5 is a graph showing the illumination 
nrnfilfi* alono the X and Y scan axis for a raster 



scanning apparatus of the type incorporating half 
platen scanning lamps; and 

Figure 6 is a circuit schematic showing a radiomet- 
riccompensating system for the illumination system 

70 shown in Figure 5. 

Referring to Figures 1 and 2 of the drawings, there 
is shown a raster scanning apparatus 10 of the type 
adapted to incorporate the radiometric compensa- 
tion system of the present invention. Scanning 

75 apparatus 10 includes a suitable base 13 on which 
one or morelinear arrays 1 5 are suitably supported 
in fixed position. Arrays 1 5 may comprise any 
suitable scanning array such as a charge - coupled 
device (C.C.D). One suitable array is model No. 1728' 

80 C.C.D. manufactured by Fairchiid Corporation. The 
output of array 15 is clocked by pixel clock 16. 

As will understood by those skilled in the art, more 
than one array 15 may be used, it being understood 
that additional arrays serve to increase image re- 

85 solution; In the event several arrays 1 5 are used, the 
array viewing fields may be abutted or overlapped, 
either electronically cr by optica! means, to prevent 
any gaps in the viewing field of the scanning 
apparatus 10. 

90 A suitable lens 17 is supported above array 15 and 
in relatively close proximity thereto, lens 17 serving 
to focus the image rays reflected from the document 
being scanned onto the array 15. Lens 17 is sup- 
ported in a block structure, identified as lens block 19 
95 herein, which in turn is fixedly attached to and 

supported by the armature shaft 22 of a linear motor 
23. Motor 23 is supported in stationary position on 
base 13 by support 25. A pair of spaced journal 
blocks 26, 27 provides further support for armature 

100 shaft 22 1 , blocks 26, 27 being secured to base 13. 
Suitable journal or bearing means (not shown) in 
blocks 26, 27 permit reciprocating movement of 
armature shaft 22 in the direction shown by the solid 
line arrow of Figure. 

1 05 Linear motor 23 may comprise any suitable linear, 
actuator, i.e. a voice coil, hydraulic cylinder, etc. 
Stops 29 on armature shaft 22 cooperate with the 
motor housing and end block 27 to limit reciprocat- 
ing movement of armature shaft 22 and the lens 17 

110 mounted 'hereon. 

A substantially planar platen 30 for supporting the 
document 8 to be scanned is supported in preset 
spaced relationship above lens 17 and the scanning 
array 15. Platen 30 is formed from any suitable 

1 1 5 transparent material such as glass to permit the 
array 15 to view the document 8. 

To illuminate the document 8 to be scanned, a pair 
of high intensity scanning lamp assemblies 36, 38 
are disposed in predetermined spaced relationship 

1 20 below platen 30, lamp assemblies 36, 38 being 

located at opposite ends of platen 30 and out of the 
field of view of lens 17. Each lamp assembly 36, 38 
comprises an elongated high intensity lamp 39 with 
cooperating curved reflector 40, the longitudinal 

12b dimension of lamp 39 being at least equal to the 
. longitudinal width of platen 30 in the X direction. 
Reflector 40 is configured to reflect a wedge-like 
beam or bar of light 42 across the width of platen 30 
in the X direction. 

130 Preferably, reflector 40 serves as a support for the 
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lamp assembly and the lamp 39 therewithin. Sup- 
port shafts 44, 44' project from each end of reflector 
40, shafts 44, 44' being received in bearings 46 
mounted on a suitable frame member (not shown). 

5 Shafts 44, 44' and bearings 46 cooperate to support 
lamp assemblies 36, 38 in predetermined operating 
position relative to platen 30. 

Support shafts 44, 44' of each lamp assembly 36, 
38 are extended and have a drive pulley 48 mounted 

10 tfiereon. Pulleys 48 are coupled by intermediate 
drive belts 50 to a pair of rotatable main drive 
pulleys 51 . A rriain drive belt 55 drivingly couples 
pulleys 51 together. A suitable scan drive motor 57 is 
drivingly coupled to one of the main drive pulleys 51 

15 An encoder 59, which is drivingly coupled to motor 
57, serves to generate a series of clock pulses 
representing movement of lamp assemblies 36, 38 in 
the scanning direction along the Y axis. As best seen 1 
in Figure 1, lamp assemblies 36, 38 are preposi- 

20 tioned so that at the start - of - scan position (SOS 
herein) illustrated, the beams of light 42 output by 
both lamp assemblies 36, 38 impinge on platen 30 at 
one end thereof. With operation of scan motor 57, 
lamp assemblies 36, 38 rotate in unison in a 

25 clockwise direction through an arc of approximately 
. 90° to scan the beam of light 42 emitted therefrom 

- r across platen 30 in the Y direction to an end - of - 
scan (EOS) position. 
As will be appreciated, the intensity of lamps 39 in 

30 lamp assemblies 36, 38, unless prematched, may be 
different. Additionally, the intensity of each lamp 39 
. along its axis may vary. Further, intensity variations 
may be created by the optical elements in the system 
such as lens 17 as well as by scanner operating ' 

35 conditions. The illumination Uniformity as the com- 
posite beam made up of light from both lamp 
assemblies 36, 38 may itself vary as the beams 42 . 
scan across the platen 30. One example of such 
illumination variation is shown in Figure 3 where a 

40 typical variation in illumination intensity along both 
the X and Y scanning direction is shown. 

To accommodate variations in illumination in- 
tensity, an intensity calibration is run prior to 
scanner operation utilizing a suitable test pattern or 

45 document which rs'typically white. The results are 
committed to memory'arid as scanning of the 
document image take's place; the calibration data are 
withdrawn from memory and used to modify the 
image signal levels output by the scanning array 15. 

50 Referring to Figure 4, X illumination profile and 
the Y illumination profile "memories, which may for 
example comprise RAMs 65, 66, are provided, RAMs 
65, 66 being loaded previously with image signals 
derived from scanning a calibration or test docu- 

55 ment (not shown) as explained above. The outlets of 
RAMs 65, 66 are coupled by data buses 68, 69 to the ' ■ 
inlets of suitable digital - to - analog converters 70, ' 
71 . The output of converter 71 is coupled by lead'73 
to the reference port of converter 70.The output of 

60 converter 71 to output line 75 is passed to a suitable 
signafbr pixel output modifier such as multiplier 76 
where trve calibration signal attenuates the image 
pixel information to modify the sa'm'e for illumina- 
tion deficiencies. 

65 To correlate the output of RAMs 65, 66 with the 



pixel output of scanning array 15, RAMs 65, 66 are 
addressed through counters 63, 64 by the X axis 
pixel clock 16 and by the clock pulse output of Y axis 
encoder 59 on scan drive motor 57. For timing 
70 purposes an SOS signal is provided via control line 
77 to control gates 78, 79. Clock pulses are input to 
control gate 78 through pixel clock lead 80*vhile the 
encoder - derived clock pulses are input to control 
gate 79 through encoder clock lead 60. 
75 In operation and as described heretofore, scan- 
ning apparatus 10 is operated at the outset to make 
one or more calibration scans. A first scan may be 
made along the X axis and the results representing 
the illumination profile along the X axis stored in 
80 RAM 65. A second scan is made along the Y axis and 
the results representing the illumination profile 
along the Y axis stored in RAM 66. 

During operation of scanning apparatus 10 with a 
document 8 to be scanned resting on platen 30, on 
85 receipt of an SOS signal, linear motor 23 and scan 
motor 57 are actuated. Actuation of motors 23, 57, 
causes lens 17 and lamp assemblies 36, 38 to scan 
the document in synchronism with one another, lens 
1 7 moving at a rate approximately one - tenth that of 
90 lamp assemblies 26, 28. At the same time, pixel clock 
16 is energized to drive array 15. As the beams 42 of 
light generated by lamp assemblies 36, 38 sweep 
across platen 30 from one end to the other, the 
document 8 thereon is progressively illuminated and 
95 the illuminated portion focused by lens 17 onto 
scanning array 1 5. Array 1 5 responds to generate a 
succession of anaiog image signals, the voltage 
level of which represents the gray scale of the image 
area viewed. At the same time, RAMs 65, 66 are 
TOO addressed by counters 63, 64 and'the signal outputs 
therefrom, which are converted to analog by digital - 
to - analog converters 70, 71 , are combined and 
multipled with the image signal output of array 1 5 to 
provide image signals which have been compen- 
105 sated for illumination system deficiencies along 
both the X and Y scanning axes. 

In the embodiment shown in Figures 5 and 6, 
where like numbers refer-to like parts, lamp assemb- 
lies 36, 38 are designed to illuminate only one half of 
110 the platen 20, that is/lamp assembly 36 illuminates 
platen 30 from the edge adjoining aperture 32 to a 
point just beyond the platen midpoint, while lamp 
assembly 38 illuminates platen 30 from a point just 
ahead of the platen midpoint to the platen end. In the 
1 1 5 exemplary arrangement shown, a suitable lamp 
control incorporating^ timing circuit triggered by 
the SOS signal in line 77 is provided to energize 
lamp assembly 36 for a first portion of the scan, and 
lamp assembly 38 forthe remaining portion of the 
120 scan. 

It will be understood that lamp assemblies 36, 38 
may be repositioned from the position shown in 
Figure 1 to enhance'illumination uniformity. 
Figure 5 illustrates a typical brightness profile for 
■125 the afore - described arrangement, Figure 5 illustrate 
T ing'brighness profiles for the lamp assemblies 36, 38 
* : in the X direction and the Y.direction, the latter 
including an overlap area 85 where both lamp 
assemblies are 'actuated to ensure that no spot will 
130 'be left unilluminated. • 
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Referring particularly to Figure 6, RAM memories 
86, 87 and 88, 89 are provided for storing illumina- 
tion data for lamp assemblies 36, 38 in the X and Y 
directions respectively. Address counters 81 , 82, 83, 
5 84 serve to address RAM memories 86, 87, 88, 89 
respectively from the signal output of pixel clock 16 
and encoder 59. Buses 90, 91 and 93, 94 couple the 
. outputs of RAM pairs 86, 88 and 87, 89 to multiplier 
circuits 96, 97 respectively which.serve to algeb- 
10 raically multiply the outputs of RAM pairs 86, 88 and . 
87, 89 together. The outputs from multipler circuits 
96, 97 are coupled by buses 100, 101 to adder 104, 
which, adds the output of multiplier circuits 96,97. 
■ The summed output of adder 104 is fed through bus 
15 105 to acompensating RAM memory 107 which, 
inverts the.signal output of adder 104' to provide a 
gainparameter sufficient to compensate for illu-- 
* . mination deficiencies. The analog signal output of 
compensating RAM 107 is fed through bus 108 to 
20 digital - to - analog converter! 1 0. The output of 
converter 110'is passed walead 112 to a multiplier 
1 1 2 which combines the image signal value output 
.. by scanning array 15 withhthe illumination com- , 

pensation signal output injead/nij. : 
.25 OperatioiToftheFigure.s5and6eiribodimentis 
• essentiaily.similar to that described heretofore in 
connection. with the embodiment.shown in Figures 
;1-4, the discrete illumination compensating values 
heldinRAMs86;87,88,89being:addressedin 
30 synchronism with scanning movement of lens 17 
and lamp assemblies 36, 38 by clock signals derived 
from pixel clock 16 and encoder 59. The signals 
- output by RAM pairs 86, 88 and 87, 8? are multiplied 
by muItipliers-96, 97, and thereafter summed by 
35 adder 1 04 td 'provide a composite illumination 
correction signal.. Following inversion by compen- 
sating.RAM "07 and conversion to analog by digital - 
to - analog converter 110, the analog correction 
signal output in lead 1 1 1 is combined with the image 
40 signal output of array 15 by multiplier 112. 

It will be understood that to reduce the size of 
RAMs 65, 66 in the Figures 1 -4 embodiment, and 
RAMs 86, 87, 88, 89 in the Figures 5'and 6 
. embodiment, a single corrective signal may be 
45 provided for a block or group of image pixels, e.g. 
one corrective signal for every 32 image pixels. In 
that event a suitable divider is provided, e.g. a divide 
- by - 32 divider in the clock output leads 80, 60, of 
pixel clock 16, and encoder 59 respectively. 
50 While the invention has been described in con- 
junction with an exemplary raster scanning appar- 
atus 10, it wiil be nevertheless understood that the 
invention may be applied to a copier or reproduction 
machine of the type wherein a relatively moving slit - 
55 like beam of light is utilized to scan a document 
original situated on a transparent platen. In that type 
of machine, the image rays produced by scanning 
the document original are normally, transmitted via 
an optical system onto a previously -charged ; t 
60 moving photoreceptor. There, the image rays dis- 
charge the photoreceptor to create on the photore- 
ceptor a latent electrostatic imjage of the document - 
original. The latent image so created is thereafter .. 
developed and transferred to an appropriate copy 
65 substrate material to provide arcopy : of the docu- 



ment original. 

In that application, a suitable apertured mask may 
be provided to control the size and intensity of the 
light emitted by the machine's illuminating lamp or 

.70 lamps along one axis (i.e. the scan axis). To control 
illumination intensity along the other axis (i.e. the 
cross - scan axis), the radiometric compensating 
system of the present invention may be used. 
In implementation, and as described heretofore, 

75 one or more calibration scans are run and the results 
stored in memory. During copying, the memory is 
addressed in timed synchronization with movement 
of the scan beam. The data output by the memory 
are used to regulate current input to the illumination 

80 lamp or lamps, thus compensating for variations in 
illumination intensity. 
CLAIMS 

1. Apparatus for scanning a document original 
line - by - line along a first axis, a platen for 

85 supporting a document original for scanning at least 
two light sources adapted to illuminate a linear 
portion of said platen and the document original 
thereon, and meansfor sweeping the beams from 
the sources across at least a portion of said platen 

90 along a second axis substantially perpendicular to 
said first axis, means for compensating for varia- 
tions in the illumination intensities of said beams 
along both said first and second axes, including 
means for storing compensation signals produced 

95 during a calibration scan of a blank platen, and 
means for modifying subsequent scan signals in 
accordance with the compensation signals to pro- 
vide effectively uniform illumination of the original 
document. 

100 2. The apparatus according to claim 1, including 
a first light source adjacent one end of said platen; a 
secqnd light source adjacent the opposite end of 
. said platen; and means for sweeping each of said 
beams output by the light sources across the entire 

105 length of said platen from one end to the other. 

3. The apparatus according to claim 1, including * 
a first light source adjacent one end of said platen, a 
second light source.adjacent the opposite end of 
said platen, and means for sweeping each of said 

110 beams output by the light sources between an end 
and at least the midpoint of the platen. 

4. The apparatus according to claim 2, including 
a first memory for storing signals for compensat- 
ing for illumination deviations of said scanning 

115 beams along said first axis; 

a second memory for storing signals for compen- 
sating for.illumination deviations of said scanning 
beams along said second axis; 
a first digital - to - analog converter for converting 
120 the signal outputof said first memory to an analog 
signal; 

a second digital - to - analog converter for 
converting.the signal output of said second memory 
.^to an analog signal, and 
125 means for combining the signal output of said first 
. converter means with the signal output of said 

second converter means to provide the compensa- 
. tion signal. 

5. The apparatus according to claim 3, including 
130 a first pair of memories for storing signals for 
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compensating for illumination deviations of said first 
scanning beam along said first and second axes; 

a second pair of memories for storing signals for 
compensating for illumination deviations of said 
5 second scanning beam along said first and second 
axis; 

signal processing means (96, 97, 104, 107) for 
combining the signal outputs of said first and 
second memory pairs; and 
10 digital - to - analog converters for converting the 
signal output of said signal processing means to the 
compensation signal. 
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